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Aerojet  Strategic  Propulsion  Company 


Local  Dewetting  About  Filler 
Particles  in  Propellant 


Two  Crack  Failure  Modes  in  Solid  Rocket 

Motors 


Deficiencies  of  Current  Structural  Design 
and  Service  Life  Prediction  Methodologies 
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MECHANISMS 


The  Effect  of  Damage  on  Crack  Growth  Behavior 
Depends  on  Damage  Intensity  and  Applied 

Loading  Rate _ 
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of  the  Crack  7  sec. 


Time  and  Load  History  Dependence  of 
Damage  Characteristics  Near  the  Crack  Tip 


Iso-Intensity  Contour  Plots  of  Acoustic 
Imaging  Near  the  Crack  Tip  (e  =  0%,  b  was 
Taken  65  Hours  After  a.) 


No  Thumbnailing  Observed  in  Either  unfilled 
Binder  of  Corresponding  Solid  Propellant 
During  Opening  of  Growth  of  Crack 
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A  Change  in  Damage  Characteristics  Affects  the 
Crack  Opening  Displacement,  Failure  Process 
Zone  Size,  and  Crack  Growth  Behavior 
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Second  Stage  of  Crack  Growth  Third  Stage  of  Crack  Growth 


Toughening  Mechanisms 
Change  With  Temperature 
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A  Power  Law  Relationship 
Exists  Between  the  Crack 
Growth  Rate  and  the  Mode  I 
Stress  Intensity  Factor  as 


Oi 


O 


Time  (sec) 


^  X5 

■u  0) 


o  <i> 
O  w 

S  o 

(0 

o 

w 

o 

o  ^ 

o.S> 

CO  :o 
O  3 


0) 

n 

c 

(0 

o 


^  +-# 
S  c 

0  iS 


(A)  A  Good  Correlation  Exists  Between  the  Measured  and  the  Theoretical  Xu, 
Based  on  a  Continuum  Approach,  Values  of  the  Order  of  Singularity 

(B)  This  Information  Provides  Confidence  in  Using  Continuum  Approach  to 
Determine  Material  Responses  of  the  Solid  Propellant  Studied 


Good  Correlation  Between 
Numerical  and  Experimental  Results 
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Typical  Bimaterial  Specimen  Data  for  Stress  Intensity  Factor  Magnitudes 


Future  Visions 
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(a)  The  Extent  of  Shielding  is  Related  to  the  Degree  of  Degradation 
of  the  Material  in  the  Saturation  Region 

(b)  The  Variation  of  the  Degree  of  Shielding  is  Responsible  for  the 
Fluctuations  of  the  Crack  Growth  Rate 


Numerical  Modeling  results  Compare  Well 
With  Experimental  Results 
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and  Experimental  Resistance 
(K  Vs.  A  a)  Curves  for  the  Two 
Loading  Rates,  2.54  mm/min  and 
12.7  mm/min. 


